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1.  What	
  is	
  the	
  full	
  diversity	
  of	
  planet	
  proper&es	
  needed	
  

to	
  characterize	
  and	
  understand	
  the	
  climate	
  of	
  short-­‐
period	
  exoplanets?	
  	
  

2.  Which	
  measurement	
  suites	
  and	
  how	
  much	
  observing	
  
&me	
  are	
  needed	
  to	
  characterize	
  the	
  climate	
  of	
  
transi&ng	
  planets?	
  	
  

3.   Will	
  JWST	
  be	
  able	
  to	
  characterize	
  the	
  atmospheres	
  of	
  
transi8ng	
  terrestrial	
  planets?	
  	
  

4.   Which	
  cri8cal	
  measurements	
  will	
  be	
  too	
  expensive	
  
or	
  inaccessible	
  to	
  JWST,	
  and	
  can	
  these	
  be	
  obtained	
  
with	
  planned	
  observatories?	
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To	
  learn	
  from	
  exoplanets,	
  	
  
we	
  need	
  to	
  measure:	
  
• 	
  Planetary	
  Albedo	
  
• 	
  Albedo	
  Gradients	
  
• 	
  Emiang	
  Temperature	
  
• 	
  Temperature	
  Gradients	
  	
  
	
  	
  (ver&cal	
  and	
  horizontal)	
  

Unfortunately	
  we	
  don’t	
  have	
  
robust	
  predic&ve	
  models	
  for:	
  
• 	
  Clouds	
  
• 	
  Atmospheric	
  Loss	
  
• 	
  Photochemistry	
  
• 	
  Geochemical	
  Cycling	
  	
  
• 	
  Wind	
  Veloci&es	
  



Predic&ng	
  vs	
  Measuring	
  	
  
Planetary	
  Climate	
  

Model	
  Inputs	
  
•  Insola&on	
  
•  Eccentricity	
  
•  Obliquity	
  
•  Surface	
  Albedo	
  
•  Greenhouse	
  Gases	
  
•  Specific	
  Heat	
  Capacity	
  
•  Surface	
  Gravity	
  
•  Surface	
  Pressure	
  
•  Thermal	
  Iner&a	
  

Model	
  Outputs	
  
•  Emiang	
  Temperature	
  
•  Temperature	
  Gradients	
  
•  Diurnal	
  Response	
  
•  Seasonal	
  Response	
  
•  Cloudiness	
  
•  Surface	
  Temperature	
  
•  Precipita&on	
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Archetypal	
  Short-­‐Period	
  Planets	
  	
  

Hot	
  Earth	
  (CoRoT-­‐7b,	
  Kepler	
  10b,	
  α	
  Cen	
  Bb)	
  
	
  
	
  
Temperate	
  Super-­‐Earth	
  (HD	
  85512	
  b,	
  GJ	
  163	
  c)	
  
	
  
	
  
Warm	
  Neptune	
  (GJ	
  1214b,	
  GJ	
  436b)	
  
	
  
	
  
Hot	
  Jupiter	
  (HD	
  209458b,	
  HD	
  189733b,	
  
WASP-­‐12b)	
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Some	
  Transit	
  Depths	
  

Hot	
  Jupiter:	
  8.8E-­‐3	
  

Hot	
  Earth:	
  7.3E-­‐5	
  

Temperate	
  Super-­‐Earth:	
  7.3E-­‐3	
  

Warm	
  Neptune:	
  2.7E-­‐2	
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Transit	
  depth	
  is	
  different	
  	
  
at	
  different	
  wavelengths	
  

Annulus/Stellar	
  Area	
  =	
  2RpH/R*2	
  
(where	
  scale	
  height	
  H	
  =	
  kBT/μg)	
  



Some	
  Transit	
  Spectral	
  Features	
  

Hot	
  Jupiter:	
  1.2E-­‐4	
  

Hot	
  Earth:	
  2.0E-­‐6	
  

Temperate	
  Super-­‐Earth:	
  6.5E-­‐6	
  

Warm	
  Neptune:	
  2.4E-­‐4	
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Some	
  Eclipse	
  Depths	
  

Hot	
  Jupiter:	
  4.0E-­‐3	
  

Hot	
  Earth:	
  3.3E-­‐5	
  

Temperate	
  Super-­‐Earth:	
  7.0E-­‐4	
  

Warm	
  Neptune:	
  8.1E-­‐3	
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Eclipse	
  Spectrum	
  ≈	
  (Rp/R*)2	
  (Tsurf	
  -­‐	
  Ttrop)/T*	
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  -­‐	
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Eclipse	
  Spectroscopy	
  	
  
vs.	
  Phase	
  Varia&ons	
  

•  Differences	
  in	
  temperature	
  	
  
– Ver&cal	
  (33-­‐200	
  K)	
  
– Zonal	
  (60-­‐2000	
  K)	
  

•  Spectroscopy	
  has	
  to	
  achieve	
  S/N	
  with	
  
rela&vely	
  narrow	
  bandwidth	
  (R>10)	
  

•  Phase	
  varia&ons	
  require	
  long-­‐term	
  stability	
  



Predic&ng	
  vs	
  Measuring	
  	
  
Planetary	
  Climate	
  

Model	
  Inputs	
  
•  Insola&on	
  
•  Eccentricity	
  
•  Obliquity	
  
•  Surface	
  Albedo	
  
•  Greenhouse	
  Gases	
  
•  Specific	
  Heat	
  Capacity	
  
•  Surface	
  Gravity	
  
•  Surface	
  Pressure	
  
•  Thermal	
  Iner&a	
  

Model	
  Outputs	
  
•  Emiang	
  Temperature	
  
•  Temperature	
  Gradients	
  
•  Diurnal	
  Response	
  
•  Seasonal	
  Response	
  
•  Cloudiness	
  
•  Surface	
  Temperature	
  
•  Precipita&on	
  


